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© Recording medium and ink-jet recording method employing the same. 

© A recording medium (25) is provided which comprises a base sheet and an ink-receiving layer on at least 
one face of the base sheet, the ink-receiving layer containing at least: (i) polyvinyl alcohol or a derivative thereof, 
(ii) polyalkylene oxide or derivative thereof, and (iii) a hydrophilic acrylic resin composed of a copolymer of a 
first vinyl monomer having a cationic group with a second vinyl monomer having a hydrophobic group. A 
recording method is also provided which employs the above recording medium. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a recording medium, particularly to an -ink-jet recording medium. The 

present invention also relates to an ink-jet recording method employing the recording medium. 

Related Background An \ \- ! ~r~ ~ • - 

io Various recording mediums arerused for kikj-jet recording, including eoated-papef "sheets, glossy-paper 
sheets, OHP-recording films (recording films for/ overhead projectors), eta An example of the coated paper 
is the one disclosed in Japanese Patent PublipaliQn.^v.. 3-26665* which comprises* a base' paper sheet and a 
coating layer composed of fine powdery €H)c£::ajS^ alcohol. An 

""example of "theflglossy" paper is the one disc»oseTi"irr Japanese' Pat erit ^Publication" No. 3-25352' which' 

75 comprises a cast-coated paper sheet and a surface layer composed ol polyvinyl alcohol of a saponification 
degree of 50 to 90 mol% and a crosslinking agent. An example ol"Yhe OHP-recording films is the one which 
is disclosed in Japanese Patent Application Laid-Open No. 50^220750 which comprises a polyester film and 
a hydrophilic surface layer composed or a water-soluble polyvinyl alcohol of a saponification degree of 70 
to 90 mol%. 

20 With improvements in performance of ink-jet recording apparatuses in recording speed, multiple color 

recording, and so forth, the recording medium therefor is required to be improved to have the properties 
below simultaneously: 

(1) The recording medium has higher ink-absorbency (a larger ink absorption capacity, and quicker ink 
absorption). 

2b (2) The recorded dots have high optical density with definite circumference. 

(3) The recorded dots have a shape approximate to a true circle with smooth circumference. 

(4) The recording medium changes little its properties and does not curl with changes of temperature 
and humidity. 

(5) The recording medium does not cause blocking. 

30 (6) The recorded image is stable and does not deteriorate in long-term storage (particularly under a high 
temperature and a high humidity). 

(7) The recording medium itself is stable and does not deteriorate in long-term storage (particularly 
under a high temperature and a high humidity). 
OHP-recording sheets are additionally required to have excellent transparency. 
3b These required conditions are inconsistent with each other, and prior art technique does not give a 

recording medium satisfying simultaneously the above required properties. For example, the above- 
mentioned recording mediums of the prior art, although they are acceptable in the recorded dot shape and 
anti-blocking properties, do not have sufficient ink absorbency, causing disadvantageously non-fixation of 
excessive ink, at regions where a larger amount of ink is deposited, to give rise to image disturbance and 
40 irregular image density, and in particular in color printing to give muddiness of color at the border of 
different colors. 

With the progress of ink-jet recording in recording speed, recording density, and color printing, 
deterioration of image quality caused by insufficient ink fixation has become a serious problem. 

The recording medium described in Japanese Patent Publication No. 3-29596, which has an ink- 
46 receiving layer mainly composed of polyvinylpyrrolidone has relatively high ink absorbency at a normal 
temperature and a normal humidity, but has disadvantages of low ink-drying speed and liability of blocking 
at a higher temperature and a higher humidity; and low resistance to scratching owing to tow mechanical 
strength of the recording surface. 

The recording mediums having an ink-receiving layer composed mainly of polyvinyl alcohol as 
50 mentioned above as the prior art, which are satisfactory in anti-blocking properties and the mechanical 
strength of the recording tace, have disadvantages of deterioration of the recording medium to cause 
decrease of ink absorbency. and deterioration of an recorded image such as feathering of ink dots and 
lowering o1 sharpness ol a recorded image dunng long-ternr, storage at a higher temperature ano a htghei 
humidity. 

55 
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SUMMARY OF THE INVENTION . ' ^* ; — . . • - „ - 

The. -present * invention intendsi'to.; provide a ^recording medium, which' satisfies- the :aforementioned 
requirements simultaneously and consistently, particularly to provider recording • medium which does not 
5 deteriorate inherently and does not cause deterioration; of- recorded images thereon «ven at aclong-term of 
storage at- a high temperature and a. high* humidityv.i i..aj.>;, r ?<: • ■ > :.-..'*». 

-The-, present ^ invention: also .intends, to -provide ^anr in knjeK recording method *~employingv,the^above 
recording medium.; jr.-..!;, s -.=•■:■* rn ;o - ; 1 triQir -• ■ ^. ;•.-,'/».. a;*-; .i ..-v** > :.\ r. uco *.r 
. - The recording- medium ofvthe present invention comprises -a base . sheet, and an ink-receiving layer on at 
70 least.one lace of -the base sheet, the ink-receiving layer containing at least:-;: c^i- ^ ...jr. >: v ^,y - 

(i) polyvinyl alcohol. ona. derivative thereof,? ' iy/"-.r . i: ^ o.;c-^ky j c : .; T >ao:.\ o\:;^ dki^v^c .L c 

(ii) polyalkylene oxide or derivative thereof, atid *j.c:9 r^-Wr. v *i />-; r *i •* ' ■: . - » 

(iii) ,a hydrophilic; acrylic rresin-cornposed of erccpolytrcF'O^arfirst vinyl mohomer having a cationic groups 
with a second vinyl monomer having a hydrophobic group. - onr r .*■-.- 

75 The recording method of the present invention employs' ;he i above recording medium. 

In preferred embodiments "of .the recording, medium oof ■> the, present -invention, the materia! (ii)^ is 
contained at a icontent, ofnfrom 2 to 10 % by^weight in. the ink-receiving- layer; the material'^iii)' is -contained' 
at-a content of from 10 to 40% by weight- in the* ink-receiving ' layer; anjepoxy compound is : contained at 1 a 
content of not less than 0.5 % by weight in the unk-receiving iayen and the base sheet is a- plastic -fifrnv 

20 .-v.. . .. -^^ . -• -• -: . • 'J • r ". <<v jf ; n ?:•>: . j >,> 

BRIEF DESCRIPTION OF THE DRAWINGS ,v/r i ^ 

Fig. 1 is a cross-sectional view, along an ink flow path, of a recording head of an" ink^jet "recording 
apparatus. 

2b . Fig. 2 isa cross- sectional viewi" perpendicular: to an i n kef low : path; of a' recording . head of an ink-jet 
recording apparatus. ■' >. <i) 'v _ 1 ♦ ; ' ^ ' " 

Fig. 3 is a perspective external view :of a multiple head employing a plurality Of heads"shdwn in'-Fig. ; 1 ;'»■- * 
Fig. 4 shows an example of an ink-jet recording apparatus^ : ^ •' 'v,,. -.. ,,j ~. ;: . : - ;: v*= - 
- ; . - j ,v. ■ . ; .-v . - * • i'l} r *. . i jL.»"V •:• . v « : *. • f. ' t ' « 

30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS j : ... .o *■; i T '• ; 

; In investigation by the^ inventors j of the present inventioiV4or development of novel recording paper for 
ink-jet. recording and transparent 1 films for an Overhead projectoi', 'the 'recording medium coated with the 
above-mentionedr composition iwas found to> ; have exlremelyj l'.igh t.ik absorption capacity Xb give sharp dots,- 

35 to have excellent anti^bloc Jng prop'artiies, Jo have the properties- depending little on temperature-humidity 
conditions;- to be stable ; .during long-term ^sidrage^ai^a^ high- tevnperature and a high humidity ;^and - to be 
capable, of forming^stablevirnageS' resistaht-toi'high temperature end high 'humidity conditions in long-term 
storage. The ^present invention has ^eenaccompirshed^n.thebtsis^of >the -above findings. 'i 
" The present^inventioiv isrdescribed in .morei detail by <re*ferenc(S *to' 0 ( r efe/red embodiments. "• 

40 The polyvinyl alcohol, which is the above first material employed for formation of the ink-receiving layer." 

of! the: present, invention, is prepared -by ^saponifi cat ion -of' a' 'viny^itCetale - hbmopoiymer* withan'aeid or an 
alkali to :a' desired saponification degree. tTiie'derivative of ;he^ poiyvirfylialcdhol includes modified polyvinyl 
alcohols derived by* saponification of a 'Copolymer ot vinyraceiaie^witirvihyi chloride ethylene, maleic acid; 
itaconic'acid; acrylic/ acid;- idimethylaminoethyl methaa'yfate' or^ quaternary' derivative : thereof, and the liker 

45 reaction products produced by: reacting polyvinyl alcohol with a r comp6und^ reactive td'the hydroxy! group of- 
the polyvinyl alcohol ^molecule such as' melamine resinsV isocyariate 1 compounds/ "aldehydes, epbxy 
compounds, » boron-containing' compounds, -and chromium-coritaihihg-^compounds? e"gr,' polyvinylacetal,' 
polyvinylformai, etc. ' ; ^ r ev;V' v » ^ ,v j c c; 6 ' f f c - *- ♦« t -^c 

The saponification degree of the above polyvinyl alcohol is preferably in the range of from 77 -to 99 ' 

50 mol%. Outside this-range, the capacity of aqueous ink" absorption' of the^ink-receiving' layer is low, and is 
not preferred.. : - • • 1j ^'■ i '- r \ . • ' ^v f "'- • * 1- -A : ''■ •' ■ V"' \ 

The polyalkylene oxide, which is the above second material employed forrlormatton of the ink-receiving 
layer ol the ptesent invention, is a polyhydroxy compound derived by addition ol ethylene oxide and/oi 
propylene oxide \o a compound having : two or more active hydrogen groups in the molecule. The 

55 compound having two or more- active hydrogen^'groups intludes 1 ethylene glycol, diethylene glycol, 
triethylene glycol, propylene glycol, dipVopylene glycol, 1 ,4-butan^dibK 1,6-hexanediolrtetraethylene glycol,- 
polyethylene' glycol, ;polypropylene --. jglycot, 'propylamineV butylamine, octylamine, cyclohexylamine, 
bisphenol A ; glycerin, trimethylblpfop^ne^ pentaerythritol; ' "mdnoethanolamine, diethanolamine, ' 
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triethanolamine, isopropanolamine, and the like. '/I'NT A ■"•"/!- _ *" - v " 

The polyalkytene glycol derivative includes reaction products of the above polyhydroxy compounds with 
a compound reactive thereto. The> polyalkylene-glycoL derivative! has:; preferably ;"a weight-average molecular 
weight of not, less t thaa =20,000. The one having: lower molecular weight exhibits adhesiveness after formation 

s of the inkrjeceiving layer,- and is liable lb cause.blocking. : * io i \; . y. 

Particularly preferred compounds in the present invention 1 .; are;: polymers ^having a weight-average 
molecular -weight^of not- lower than 20,000; which are .derived: by: reaction ^ofr* the 1 above* polyhydroxy 
compound having a weight-average molecular weight of 1,000 or more with a polyvalent carboxylic acid; or 
anhydride rthereof;; or a lower :alkyl resterL;thereef.:vfihe v poryvatent carboxylic 1 ; acid, toobe: reacted with the 

70 polyhydroxy compound specif icallyr includes malonfc acidj: rnaleic .'acid, succinic acicf, tumaric acid,- itaconic 
acid, phthalic acid, isophthalic acid, terephthalic acid, adipic acid/ sebscte acid, --dimer- acid, pyromellitic 
acid, trimellitic acid, and so forth. The lower alkyl ester "thereof includes monomethy! esters, dimethyl 
est§KS, pnonoethyU esters, diethy.lesters t r^rr(ondprc^v , ^ : ©steT&; dipropylf rested, monobutyl esters, dibutyl 
esters, and the like. " 'q./'v.o :v1r ru :.. -r>v r? $ ^ • Pl v.:-.i, u .<-, r . 

75 The reaction ol the above polyhydroxy ; compound wit hi > the polyvalent xarfeoxylic acid. 'anhydride, or 
lower alkyhesjer thereof is eonductedat a. temperature; of frpm;80 to 250 *C at a reduced pressure of from 
0.001 to,;20^fnrnWg^for 30 minutes to JO, hours Aor dehydration or altfohbl removal' ^transesterification); If the 
mqleoulart^elgrvtvof the.i polymeric compound .is iower than 20000,ithe obtainedink receiving fayer has a 
lower surface -film strength and !has insufficient/blocking . resistance.** .■ > v v 'v : . 

20 Synthesis of the above polymer is specifically described by reference to a synthesis example without 

limiting the invention. . , , . -. v ,j ; ; <- . - 

Synthesis Example ,1 . , t . ^ . ioo-v : - .;.•= • ••-!• - ,.*• -.- . - . , . 

25 In , an, autoclave, wsre placed ,140 parts by weight ot glycerin.r and 1 20 parts by ^weight of potassium 

hydroxide. Thereto 12,000 parts by weight of ethylene oxide was gradually added to cause reaction at 
130*C t ! The- reaction ., product ^(intermediate), had a weight-average . imolecular weight; of about 8,000 
estimated Irom the measured hydroxyl value and the measured alkali value. ■: . 5 

To 100 parts of the reaction product, 2 parts of dimethyl terephthalate was added. The mixture was 
30 heated to 125*C, and the pressure was rejctucediio.ldrr.mHg;;to remove methanol." 'The obtained polymer 
had a weight-average molecular weight of about 150,000 according to high speed liquid chromatography. 

. The hydrophilic acrylic resin, > which, is* a .copolymer, of a vinyl monomerf having a f cationic group with 
another .vinyl: mcncmer_having a . hydrophobjCDgjcoup, and is -.the third material for theink-receiving layer, is 
formed-by^copolymerjzation of at least one : mOiiqmen. selected: lor the monomers having a" eationic group 
35 with at 'east one jDthep monomer-selected j or :4he?: monomers having a hydrophobiG>:grbup:r: : 

: *The monomer having a caiionics gro«p Hnqludes sdimethylamirooethyl ^acrytate; i dimethylaminoethyl 
methacryl ate, diethy lanninoethyl .metriacf.yiate.'i methyjethy lamninoethyl-acrylate, . methyJethy Laminoethyl ac- 
rylate, dimethylaminostyrene, diethylamjnps&rene,: ^methylethylaminostyfiene; and-quaternary compounds 
thereof, which have -a primary to ; . tertiary^rnioe^ group on ;a quaternary ammonium? base, group as a pendant 
40 group.;-;, jv . r, -hv •:r-> .e r. it.^r,^ to* b^vo'qr^ l>vir>;;..'-. r.o ;i\n<:i& ~ U z; ! J olr'',. ^y-'n^ , , -,.c .» • 

-.The mpngmecvhaving a hjyidrophobicjgr^up/ includes^kyl-aprylates : such>.as methyl acrylate, and ethyl 
acrylateu,.. alkyl ijmethacrylate, such ^si methyl ; rpethacf-ylate,- >. and «ith.y^methacryfater sty^ene, vinyltoluene, 
vinyl ; . : acetate, ethylene, and thQ. like; molarxratiorot the* comonomersjia the .copolymer is preferably in 
the range Qf Jrom 1/9 tp 9/1. Additionally^ others bydrophitic .monomer such fcs 2-rhydroxy.ethyl acrylate, and 
45 2-hy drpxye|hyl } :meth aery late may be, cepplymerized into the copolym err as. desired, y:'- -mo 

z { ln the. .present -invention., -the ^composition cpntainingfat: least the above t&ree^materials.for formation of 
the-ink-receiying lay.er may further ( conta;r> -an, epoxy compound .at ai.content of 0.5 %. by .weight or more, 
preferably in the range of from 0.5 to 5 % by weight to improve the mechanical strength of the recording 

Surface/-; Y f r- U; .r> .„ J>} ;:<.^ c,.r.y^ lv ^; • .- _ .. .. 

so The ,epoxy compound includes s specifically -ethylene glycol , diglycidyl ether, ..polyethylene glycol 
diglycidyl ether, propylene glycol diglycidyl ether, polypropylene glycol diglycidyl ether, neopentyl alcohol 
dig'ycidyl ether : glycerol polyglycidyl ether, trjmethylol propane polyglycidyl ether, diglycerol polyglycidyl 
ethei,;3nd, the like ■ : : . ... - , fi i. ■ ^ 

As described above, formation of an jnk-receivingjayer containing at least the above three materials on 

55 at least one face of a base sheei satisfies _th»e .aforementioned requirements simultaneously and consis- 
tently, and. particularly, gives, a recprpling--fn.ed.ium which does^-not, deteriorate inherently and prevents 
effectively deterioration, of , a recorded image even at a long-term, of storage at a high temperature and a 
high humidity. Such eflects are achieved by synergistic actional .the. ; above three materials, 

5 
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The alorementioned material (ii) is preferably contained in the ink receiving layer at a content of from 2 
to TO %~ 6y weighi/'At a lower content thereof, the 'ink-absorbing capacity' of the ink-receiving layer is 
insufficient, and intraarticular,' deterioration bl the recording 'medium (brop f of ink absorbency) is liable to 
occur during long-term of storage at a high temperature and a high * humidity. At a ^higher content, 

5 deterioration of the recorded image (feathering of dots "and lowering of sharpness of the image) is liable to 
occur even with combined use of the material (iii) during long-term storage of "the recorded im£ge at a high 
temperature and a high humidity.' ' : ** ' ' * 

Since the material (i) and the material <ii) are less compatible with each other, the film of the mixture 
causes phase separation' during storage to become 'turbid?' Ih^thV 'present invention, however, the material 

10 (iii) is additionally' c'bmbined to improve the r compatibility*.' This eriables formation of ah ink-receiving layer 
which is 'excellent in transparency arid' W useful for an GHP'-Vdcdrding sheet. * ' y r \ 

For this purpose;"the content of s the material (iiij is°pVeffefably higher than" that of the material' (ii) at least.* 
The material (iii)'in'the present invention 5 is 'prefe^abry y d6iitained ranging from, 10 to 40' % by 

weight in the ink-receiving layer. At the content lower than the above range, the ink absorbency 5 is riot 

75 sufficient and' running' of a recorded image is liable to bccurdurihg 'storage at a highMempetature > 'ahd a 
high' humidity, disadvahiageously, even if the ririateriaPxiiJ'is'xontained at the above-mentioned '.content 
range. At the content higher than' the 1 above range,' a recorded image is ridnun if or m, disadvantagepusl'y : 

' The composition containing the abbve three components at least is applied at least one. face of a' base 
sheet to fornf a 1 recording medium having an ink-receiving surface 1 layer in the present invention, the 

20 composition may contain another binder,' a filler, ^nd : an J 'add it ive^irPairi founts hot to prevent the, object of the 
present invention. v * y - r ' 1 . ° ' * . 

The additional binder includes known bihders such as" starch;' cationic starch, casein/ gelatin, acrylic 
resins, maleic anhydride resins, melamine resins, urea-resins; SBFT latexes, sodium alginate, Polyvinylpyr- 
rolidone, carboxymethylcelluidseV K'ydrbxyethylcellulose, and the like,- but is not limited thereto". \ ' ' 

25 The filler ihcludes^silica, alumina, aluminum sijicate; magnesium silicate, basic magnesium carbonate, 

talc, clay, hydroialcite, calcium carbo'riate, titanium 1 oxide, zinc oxide*, and plastic pigment such' as 
polyethylene,' polystyrene, and poiyacrylate; but is ribt'limited' theVeto. \ u ; ' V .", * 

'The additional additive includes* surface * active 1 J age ms, 1 ^ dye J fixing agents (water-proofing "'agents)^ 
antifbaming agents, antioxidants, fiuorescerfi whiteners, UV-absorBing~ agents, dis'persants, viscosity-cdntrbj; 

30 ling agents, pH-coritrolling agents, mildew-proottrig agents, and plasficizers; These additives are selected as| 
desired from known additives to meet f he objects. ■■' j ' ' • 

The base sheet material for constituting the recording medium of the present invention includes sheets 
of paper such as wood VVee paper/ medium-quality paper, art paper', bond] paper; regenerated paper, baryta 
paper, cast-coated paper, ; and liherbdard" paper; fiirhs arid plates of plastic such as polyethylene te'reph- 

35 thalate, cellulose diacetate, cellulose triacetate, cellophane, celluloid, polycarbonates, polyimides, polyvinyl 
chloride,' p'o I y'viny liberie chloride, poly acVylafes^ plates; sheets of 

cloth such as cottohf raybh, acrylics, nylon," silk, and pojyestersl The base sheet material is selected 
suitably Irom the "above materials' to meet the bbjecT of the' recording "medium, the use of the' recorded 
image/adhesion with the overlaid irik : receivihg layer " , . . . 

40 To prepare the'recordihg rhedium "ot the " present in'verition, firstly;- the albrement'oned cprripoS 

optional additive are dissolved or dispersed in water, alcohol, or other suitable solvent to prepare the 
coating liquid — - ? l - ^ ■ t-! *' ' ''^ ,^ *.-.. .. . / . - 

The obtained boating liquid is' applied 1 ohto'a surface of 2Pb|k"e sheeVby, foil cojating^blade coatirig^ aii : ' 
knife coating, gate-roll ! cdating, size pressirig, spray 'coating;' gravuVe^coatirig, curt There- 

45 after, the applied matter is dried by mea'ns v bf a hot-air dryer.'a hot drum, or the like tb^ recording 
medium of Yhe "presferit invention!' The . resulting ^recording medium ma^. be^ subjected to supercalender 
treatment to smobthen the surface Or to irhprove the surface strength; if necessary.^ ^' " ." , 

The total amount of ^th3 Wk-receiving^ layer "coating Yah^es preferably Irom 0.2 to 50 g/rh 2 ! more 
preferably 'Irom 1 Mo' 30 g/m^ in' terms of the solid' matter.'^At the smaller amount' of coating, a part of the 

so base sheet surface* may be bared! Afthe coating amount of iess^thah 0.2 g/m^no effect is obtained iri dye 
color development in' comparison with the base sheef without the irik-receivTng [layer: On the other hand v at 
the coating amount : of larger than 50 g/m 2 . the recording medium curls remarkably under the environmental 
condition*' of low temperature and low humidity . 1 disadvanta'geously. The, coating amount m thickness u 
preferably in the r r a : hge of from 0.5 to 100 um. ' *' ' . ' '"I ' / - 

55 Known ink may be useful for ink-jet recording 'on the above-described recording medium without 

difficulty . .. ( ^ ... 

The preferred method of recording "with ^nk on the abpve, recording medium is ink-jet recording. Any 
ink-jet recording method is applicable whicK' eje'cis ink effectively from' a nozzle to apply ink bnto the 
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recording medium.. . _ , . - r ...... _ . t . . r 

An example of the effective ink-jet recording, method is disclosed in Japanese Patent Application Laid- 
Open No.; 54-59936, in which .thermal eoergy ri is,giyen. to the ink to cause ^abrupt , change, of . the volume of 
the ink and to eject ink from a nozzle. • r . "... . .,, r . 

5 . An. example, of , ink-jet recording ^ apparatus : is ri de scribed below which is, , suitable for. recording on the 
recording mfediurp^of the preterit invention,... ,_ s . in! ^ r ,-.,' ' . .'. : , . . 

An example ol the construction of a head whictfis the essential part of the apparatus is shown in Figs. 

1,2,and3. ^ . . : , r ^., ; . , . , , v , , . '.\ . - " 

^ ^ ; head , 13 is constructed by bonding _a , plate ^pt, , glass, ceramics,, or plastics, having groaves 14 for ink 

70 flow witfi a^heat-.pener^ recor^ing.,(The ; heat-generating head is.nptjimited to the 

thin film head' shown 'in the drawings.) T.ljie ^he^trjajiner^ti ngi head 15 is constituted. of. a protection layer 16 
formed frojjn, si licon ( oxide or the Nke;. aluminum^ eJecU resistance layer 18 

made of, hichrQrr\e'o^ the like; a heal-acdumu^^^ a heatTradiating substrate plate 20 made of 

alumina pr^thje. 'like.' ; ^ . ^..^^.^'^^ ... . „ . , " .' , . 

75 The r ink 21 ^fijls an ejection orifice JUne^noz^le.) .22 v anc! has ;J a meniscus : 23 formed by a pressure P. . . 

: 6n ^application. ^ electric signal r i.q,for.m^ electrodes 1 7- i, 17-2 pf the head,- the region 

denoted by : 'a^ symbol "n" on the' heat-genera.Uag_ fre.sd 15 generates, heat abruptly' to form bubbles in the ink 
21 on thatS ggion, ." the .pressure „oT the, ^bubble ; pushes,, bgt j^e meniscus .23 , to eject the, ink 21 from the 
orifice 22 in a shape of droplets 24. The ejected ink droplets travel toward a. recording medium 25. 

20 Fig. shows a external appearance oj a. muitiple i head haying a. plurality of heads shown in Fig. 1. The 

multiple head is formed by bonding a glass" plate 27 having multiple grooves 26 with the heat-generating 
head 28 (ike the one shown in Fig..1,. Fig. J, f is, a. sectional view of the head 13 along the ink flow path, and 
Fig". 2. is' a 'sectional view taken at'the Jjne,'?"^ 2* jn' Fig' .1,. , { ', 

Fig. 4 shows an example of the jnk-jel .recording apparatus equipped with the above-described head. 

26 In Fig. 4, a jDlade 61 as a wiping, member is. held r at, .one end of the blade by a blade-holding member, 

forming a fixed end in a shape of a cantilever. The blade 61 is placed at a position adjacent to the recording 
region of the ' recording head, and, in this example, is held so as t to^ protrude into .the moving path of the 
recording head. The cap 62 is placed at a home, position. adjacent to the blade 61, and is constituted such 
that .it moves in the direction perpend^^ of the, recording! head to come into 

30 contact with the ejection hozzie.'face;jp.;Cap.the .nozzle.. An ink. absorbent .63 Js placed at a position adjacent 
to the blade '61 , 'and is held so as to protrude" into the moving path of the. recording head .in a manner 
similar to that of the, blade 61 . . , ^ ., , ' r . ' , ' ' 

The blade 61, the cap 62, and the ^"absorbent 63 constitute an ejection recovery : deyice .64. The blade 
61, and the absorbent "63, serve ;to. f remove! ^q'ft water, dust,' and the, like J rpm the /face of the ink ejection. 

as nozzle., ' ' "* " ^ .^V ..\ ' ' ,'. '..I. 

A; recording head 65 has an energy-generating ^ recording by 

ejecting the ink onto a recording medium^oppQ A.carriage 66 is provided for 

supporting and moving the recording Ihead' 65., The carriage 66 is* engaged sjidably with a guide rod. 67. A 
portion of the carriage "66 is connected jffo^shgw^ in .the'drawingj lo^ ^bejt 69 driven by r ,a motor 68, so,that 

40 the carriage 66 is movable. along the, guide ,10^67^ 65. and the 

adjacent region thereto! ' , .^\.;! v , ~\. "'.,'_ r ■ '. . 

A papef delivery device 51 for delivery of a recording medium and a paper delivery roller 52 driven by 
a motor mot shown in the drawing^ den ve/s^a^ to.. the ejection 

nozzle i ace of the recprding head, and the is.* r (j^iiveced '.w^jth the^prp^re^ss of the recprding 

45 fp! a pape r discharge device provided w \'. ^ ' , 

" In the above constitution, when the recording head 65 returns to .the home Dosition on completion of 
recording, tne cap 6^ of the ejectipn-recov^ry^ _ device . 64 js^ posit ipnep^put of , the moving path of the 
recording head 65, and the blade '61 is allowed to protVude to the. moving pajh! Thereby, /the ejecting nozzle 
face of the recording head 65^ is wiped. To cap the . ejection face of the recGrding head ' 65, the cap 62 

so protrudes toward the moving path of the recording head to come into contact with the ejection nozzle face. 

When the recording head 65. is made \p t mpvQ frqm "the home position to j he record-starting position, 
the cap 62 and the blade 61 are at the same position, as in the above-mentioned wiping^step, so that the 
ejection nozzle tace of the' recording. head 6b is wiped also in this movement The recording head is moved 
to the home position not only at the completion of the' recording and at the time pi ejection recovery, but is 

55 also moved at a predetermined intervals during recording from the, recording region. The, nozzle is wiped by 
such movement' 1 ' 

The present invention is described, more .specifically .by reference to Examples and Comparative 
Examples. In trie description, the units' - "Fort's ""and '"% " are based^pn .weight unless otherwise mentioned. 
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Examples 1-7 and Comparative Examples 1 and 2 : ' : ' ■ - 

- A mixture of * (i) f "'polyvinyl alcohol '("SMR-IOH^.^produced 'by* Shin-Eisu Chemical ' Co.; Ltd.); (ii) the 
pofy men obtained in Synthesis Example 1;'and (iii) ; a "hydrdphiHc^drylic resin ("Jurymer SP-50", produced 
by. Nihon Juhyaku Co.; Ltd.y a copolymer ; of methyl methaCrylafe : With an acrylic quaternary ammonium 
salt) was added gradually with 'stirring into'a mixed' solvent ^cdmposed of 93 parts o^f waterand 7 part's of 
isopropyhalcohol, and 'was-'dissolved^hereihl' The' mixing ratios of the materials r (i), (ii). and fiii) are shown in 
Table"!/? ' s- ' rru-";-,-- ; - f • v..- - <^ ;^n>. is-v ' " 3 -:■ .-i': . ■: • - 

The' obtained' coating liquid 1 was "applied onto* a v polyethylene-' terephtnalate-film (100' um r thick 1 ;' 
"Lumirror", produced byiToray Industries,-- Inc.) by use^oPa wire : bar in 5, a' dry thickness of 2d t: uW. r The 
applied matter was- dried at 100° C tor* 10 minutes 'to provide a "recording '?TSedium W the present 1 invention' 
or for comparison. Color recording was conducted on the recording medium with the inks having the 
composition below by an ink-jet recording apparatus which ejects inks by bubbling of the* : irik k by thermal 
energy. 

, . i . j ■• ^ - i • . .: ■ ' , ,.» f l * '!. a r )J:Xi -V *\ \ r ' ■ t . , *- Oi -\i " ■*; : - 

[ Composition of inks ] < ~- % ' ■ "> - 1; f " T *- "-^ ' ^ : - v ] : - .l • \ r.;: '? 



20 



.Dye : , : 


4j parts,- 


Glycerin ^ 


^/tRarts ■„ 


, ThiodiglycoJ 


10 parts. 


Urea 


-,.5 parts,- 


WateV s! . 


74 .parts. « 



[ Dye ] 
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Y: C.I. Direct Yellow #86 

M: C.I. Acid Red #23 

' C: C.I. Direct Blue #-199 

Bk: C.I. Food Black #2 - 1 

[ Recording conditions ] 



40 



45 



50 



•jui V-'- s?*. .i';rh! 



Eje.ctipn. frequency. v r :!i jv, >.r ( c- 

Volurpe of ejected, drop!el: e ~., v >ii^ : -, c f 
. %coVdingj1eQsky:^ - io'i^ss lr:sr.i|.a> 
>Maximum c ajDplicatioo of singl^pplpy&lg £ l ; jknl/mm 2 



4 KHz 
45 pi 
360 DPI 



The obtained color print sample was evaluated regarding-'tfie ilems f below. " ; ' % v " *' 

[ Evaluation items ] - 4 ° ;; ' * 

(1) Ink absorbency: --^'f ; - ' ,; " J 4 ; in ';- r ' ; ^ \' 3 j :,? ' 

Full dot recording- wa~s cd'nbucted by* printing with combination's^ of two color-inks of yellow/* cyan, and 
magenta under environmental conditions of 30 *C and 80% humidity, and the recorded matter was left 
standing. The time required lor absorption of ink into the ink-receiving layer was checked by finger touch to 
examine the transfer of the ink onto the finger. The recording medium which caused no transfer of ink to the 
tmgei after 10 minutes was evaluaied to be "Good": the one caused no ink transfer after 20 minutes wa; 
evaluated to be "Fair": and the one caused ink' transfer after 20 minutes was evaluated tbbe "Poor*". "' '* 
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(2) Anti-blocking properties: , . ; - . -O - , ■ 

Full dot recording was, conducted with combinations of two color,inks- of yellow; cyan; and magenta, and 
the recorded matter was .left standing: under, environmental conditions of 30 'C, and 80%; humidity. After 30 

5 minutes, a PpC,paper r sheet ; ,w ; as put on U ; ie recorded face.cf the recording medium and then the recording 
medium together with the r P PC r paper ^sheetrr/as enclosed, in a "Clear Pocket ,F;ile"v(ther pocket being made • 
of polypropylene, film, . produced by Lion K.K.), r The recorded .image irv.this state 1 was pressed at a pressure 
of 40 g/cm 2 . Thereafter the PPC paper sheet was separated from the recording medium. The recording 
mpdium r w ; hie^jwas reactily separable H was, evaluated to.be "Good"; t ihe. ons which- was not- separable, or 

70 causes : Ujans^fer, oj .the ink-receiving layer , ,to. the,, PPQ paper sheet, or t a part, of tthe- PPQ, paper remained 
sticking, was evaluated to be, "Poor"; and the .one, in. an intermediate state was evaluated; to; be "Fair". 

c :.-«; • - ■' ■ • .i'< '.' Oi j-j. OH; (iC b^- yteirr ' * .v ~ * ■ ■ ■ 

(3> Image .density:-,; ....... . . ^ ,, ,-j-jnv . ; ■ := . v, .;o\.-. .v 

75 Solid printing was conducted at 200 % duty with the aforementioned ink-jet recording apparatus. The 

black (Bk) image density ol the printed matter was measured by MacBeth densitometer (Models RD-91 8). 

(4) Storability of the recording medium: 

20 The recording medium was stored ^at r 35'*'C and 90% humidity for 7 days, then at 23 *C and 55% 
humidity for one day. Recording was conducted on this recording medium at 23 *C and 55% humidity with 
the aforementioned apparatus, and the image quality was compared with the one before the storage 
treatment. The recording medium which gave significantly poor image quality with ink running, feathering, of 
letter-bolding was evaluated to be "PoorVthe one exhibiting no change was evaluated to be "Good"; the 

26 one in an intermediate state was evaluated to be "Fair"; and the one exhibiting lowering of the image 
quality or causing white turbidity of the film in addition to the lowering of ink absorbency was evaluated to 
be "Very poor". 

(5) Unilormity of image: - ... i • 

30 

The solid-printed matter with the aforementioned printer was evaluated visually: The ^printed matter 
which was entirely uniform was evaluated to be "Good"; the one in which nonuniformity was found by visual 
observation at the distance of 50 cm from the printed matter was evaluated to be "Poor"; and the one in an 
intermediate state was evaluated to be "Fair". . U)( r , ^ 

35 

(6) Storability of recorded image: 

The image recorded on the recording medium by the aforementioned prTnter was stored at 35 *C and 
90% humidity for 7 days;, and the image quality was : compared with- the one before the storage. The 
40 recording medium which caused "significant deterioration of image quality with ink running, feathering, of 
letter-bolding in comparison with ihe-brie jifefor'e'W the one exhibiting 

no change was evaluated to be "Good"; the one in an intermediate state was evaluated to be "Fair". 
Table 2 shows the above evaluajipn, res.ujjf jCpllectiyely., >; {, , ^ , Lr , 

45 Examples 8 and 9 : . .... ^ , . 

Recording mediums of the present invention were prepared in the same manner as ; in 4 Example 1 
except that partially saponified polyvinyl alcohol ("PVA-217", produced by Kuraray Co. Ltd.), or cation- 
modified polyvinyl alcohpt.r'PVA-C-aiSr^A", produced, by Kuraray. pp., Ltd,) was. used . as the polyvinyl 
so alcohol , ■ p - . , . . ' \ iyf 

Example. 10 . \ . . ". .., , , . . . ; >; , ■ . , ^ . . r . 

A recording medium ,of the, present invention was prepared in the same manner as in Example 1. except 
55 that polyethylene oxide ("Alkox R-40", produced by Meisei Chemical Works, Ltd.) was used as the 
polyalkylene glycol (ii). 
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Comparative Example 3 

A recording medium lor comparison was prepared in the same manner as in Comparative Example 1 
except that partially saponified polyvinyl alcohol ("PVA-217", produced by Kuraray Co. Ltd.) was used as 
6 the polyvinyl alcohol (i). J : 

Comparative Example 4 : - , : - 



70 



A recording medium Mor comparison was prepared in the same manner as in Comparative Example 1 
except that polyvinylpyrrolidone ( n PVP-K-90", GAF) was used in place of the polyvinyl alcohol (i). 



Examples 11 and 12 



Recording mediums were prepared in the same manner as in Example 2 except that an art paper sheet 
75 and a wood-tree paper sheet were respectively used as the base sheet. 

• The evaluation resurts'are shown collectively" in Table'!2~' ' r 
As described above, the^ present invention prdvid^s an ideal recording medium which has excellent ink 
absorbency to enable formation of fine image with sharp printed dots 'and high optical density, and exhibits 
no deterioration of both the recording medium and the recorded image formed thereon after long-term 
20 storage at high temperature and high humidity. The present invention also provides an ink-jet recording 
method employing the above recording medium. 
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A recording medium is provided which comprises a base sheet and an ink-receiving layer on at least 
55 one face oi the base sheet, the ink-receiving layer containing at least: (i) polyvinyl alcohol or a derivative 
thereol, (ii) polyalkylene oxide or derivative thereof, and (iii) a hydrophilic acrylic resin composed of a 
copolymer of a first vinyl monomer having a cationic group with a second vinyl monomer having a 
hydrophobic group. A recording method is also provided which employs the above recording medium. 



1 1 



EP 0 634"284T?V1 0 C; 4 



Claims 



1. A recording medium, comprising a base sheet and an ink-receiving layer on at least one lace of the 
base sheet, the ink-receiving layer containing at lea'st:** 
5 (i) polyvinyl alcohol or a derivative thereof; .V..* \ \ 

(ii) polyalkylene oxide or derivative thereof, and 

(iii) a hydrophilic acrylic resin composed of a copolymer of a first vinyl monomer having a cationic 
group with a second vinyl monomer having a hydrophobic^group. 

<' p. - r r. 

io 2. The recording medium- according to claim 1, wherein the polyalkylene\oxide or the derivative thereof is 
contained in the ink receiving (ay.er at a cqntent'rangingirom^torTO % by weight. " V 

3. The recording "medium according /to claim Vl J wheTein^he? hydrophilic acrylic re~siri composed of a 
copolymer of a 'first vinyl* monomer ^having a 'cationic group/with a_ second vinyl, monomer having a 

75 hydrophobic group is contained in the ink-receiy^ the 

polyalkylene oxide or the derivative thereof.! -V- Y--~ t f c; I 

4. The recording medium according to claim 1, wherein the hydrophilic acrylia /esWcomposed of a 
copolymer of a first vinyl monomer having a catibnib 'group with a second vinyl monomer having a 

20 hydrophobic group is contained in the ink-receiving layer at a content ranging from 10 to 40 % by 

weight. 

5. The recording medium according to any of claims 1 to 4, wherein the base sheet is a plastic film. 

25 6. An ink-jet recording method which conducts recording by ejecting ink from an orifice of an ink-jet 
recording head onto the recording medium as set forth in claim 1 in accordance with recording signals. 

• s 

7. The ink-jet recording method according" to~claim 6 i' wherein the ink is ejected as-dropjets by action of 
thermal energy given to the ink. I ... < ' * 7 
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